Sutntnary. Energy metabolism data were collected in a series of seven male paraplegic patients with complete spinal cord lesions (T9 to LI). Among these fo ur had just been rehabilitated and three had been using their bilateral long leg braces for more than 4 years. A group of five healthy volunteers was used as a control. All the subjects ambulated on a treadmill between parallel bars and in a second trial they ambulated on the floor using forearm crutches.
Introduction
WHILE teaching a paraplegic patient how to walk with bracing, problems may arise not only involving the appliances but also the muscular adaptation above the lesion. Indeed, considerable muscular work of the upper limbs and trunk above the paralysis is required during walking with bilateral long leg braces (Chantraine and Onkelinx, 1975 ) this having repercussions on the entire cardiopulmonary system (Huang et at., 1979) . Several works have already been published concerning the energy utilization during walking in normal subjects or with those having a motor handicap such as an amputation, hemiplegia, paraplegia or a fracture of the lower limb (Bard, I963 ; Clinkingbeard et at., 1964; Salmon and Chantraine, 1972; Ganguli et at., 1973 and James, I973 ; Imms et at., I976; Fischer and Gullickson, I978; Huang et at., I979; Veicsteinas et at., 1979). Nevertheless, none of these studies were made ' over a long period of time. The problem of walking was always investigated during a particular physical situation, at a precise time in the rehabilitation or following a training period of several months.
It appeared worthwhile to compare the energy metabolism of a paraplegic with bracing during the time that he is learning to walk, to that which is recorded after the orthosis is used for several years. It seemed interesting to analyse the various possibilities that play an important role in a paraplegic becoming accustomed to using an appliance over a long period of time and the eventual changes in physiological expenditure that this might cause.
Observations and Methods
Seven male paraplegic patients with complete lesions from T9 to LI were examined. They were subdivided into two groups as shown in Table I .
In the first group (unaccustomed paraplegics: UAP), composed of four subjects from 18 to 41 years of age, three were given a simple explanation and demonstration of how to walk with long-leg braces after a maximum hospitalisation of 7 months. The fourth patient (20 years old), was para plegic for 20 months and practically did not use his walking orthosis. The second group (accustomed paraplegics: AP), was comprised of three subjects from 24 to 29 years of age who were paraplegic for more than 4 years and who used their long leg braces regularly. Simultaneously five healthy normal male volunteers 26 to 48 years old, made up our control group and were studied in a similar manner.
Each individual, prior to beginning the programme, underwent a medical examination with particular attention to the pulmonary and cardio vascular systems. Each subject (before the actual trial), was allowed to walk on the treadmill and breathe in the Douglas bag for a preliminary trial of 2 minutes in order to accustom himself to the procedure. This was done at varying speeds which were sufficiently slow for this type of ambula tion, and allowed the subject to choose the actual speed at which the trial was to be carried out. This preliminary trial was carried out on the same day or the day preceding the actual trial, allowing in every case at least several hours between this preliminary trial and the actual recording. Then all of the subjects were examined once while walking on a treadmill with a simul taneous bipedal weight-bearing and swing-through gait (Fig. r) . Two bars, whose height could be adjusted, were placed on each side of the treadmill and were used as hand supports during pendular, swing-through walking. The real forward speed was calculated from the number of swing-through movements per minute and the length of the step. These displacement exercises, equivalent to pendular walking, are performed only with the help of the upper limbs.
The five nonparalysed subjects performed the same pendular walking exercise. Each subject was allowed to dictate the speed which allowed him to ambulate comfortably. This speed, as can be read from Table II and converted into km/h, was o· 5-1'0 km/h for the unaccustomed paraplegics, r'2 km/h for the accustomed paraplegics, and 2'3 km/h for the healthy control subjects. The various cardio-pulmonary parameters were measured over a period of 2 minutes, which represents the time span for each indi vidual tested (after an initial warm-up period of about r minute). The exact data for each subject can be found in the various tables. Before this experiment none of the subjects had ever walked on a treadmill. Therefore any possible variations in oxygen uptake due to learning to ambulate in a treadmill were considered negligible, since all subjects were in the same situation. Secondly, the three A.P.s, one of the U.A.P.s and two subjects of the normal group performed pendular walking on a flat floor using two Lofstrand type canes (Fig. 2) . This evaluation was made under actual daily life conditions. During the walking exercises oxygen consumption was calculated in an open circuit using measurements of ventilation and the analysis of expired gas. With the use of a mouthpiece and directional valves having a weak resistance, the subject inspired atmospheric air and expired into a Douglas bag. The volume of the expired gas was measured in a Tissot bell with a precision of 50 ml. After the absorption of water vapour the CO2 and O2 concentration were determined by physical methods (Jager). A continuous electrocardiograph recorded by telemetry permitted a calculation of the heart rate (Dannika). The reproducibility of the basic experimental design is excellent and estimated at 2'4 per cent.
Results
The results of the cardiopulmonary measurements during ambulating between parallel bars are shown in Table II .
Since pendular walking involves a displacement of body weight the consumption of oxygen evaluated in ml/min was also expressed in kg of body weight, as well as ml of O2 per body weight for the distance in metres that was walked (ml 02!kg!m). During this exercise between the parallel bars the mean pendular walking speed of the unaccustomed paraplegic group could be estimated at 8'75 metres per minute with an average cardiac rate of I3 I/min. Ventilation was relatively high at 25 l/min and was accompanied by an oxygen consumption of 864 ml/min. Therefore, the oxygen consumption related to each kg of body weight was 12'5 ml 02 /min and 1'46 ml 02 /kg for each metre walked.
In the second group of paraplegics accustomed to walking with long leg braces the displacement was IS metres a minute and the heart rate was I4I/min. On the other hand the ventilation was lower at 16'7 l/min and, above all, the O2 consumption/min/kg decreased to 9' I ml. This difference is even more pronounced if the distance travelled is taken into consideration: the average consumption of O2 is 0·61 ml/kg/m.
The control group of subjects walked at an average of IS metres a minute with a relatively low heart rate of 94/min, an average ventilation of 20'3 l/min and a mean consumption of O2 of I I '4 m/min/kg which corres ponds to 0· 83 ml of 02 /kg/m. Table III gives an overall summary of our observations on subjects who walked using canes on a flat floor. All our patients did not participate in this experience but one of the V.A.P.s only travelled the short distance of 4 metres a minute with an O2 consumption of 12'9 ml/min/kg. If the energy used per metre is considered the high figure of 3'25 ml of Oz/kg/m is obtained. The group of A.P.s had a relatively high consumption of O2 at 16'5 ml/min as well as a marked increase of the heart rate to I56/min. In addition, the ventilation was at the high level of 28·8 l/min. Never theless the walking speed was 22·6 m/min and the relative energy utilisation was 0'73 ml of Oz kg/m.
The control subjects covered an average distance of 30'5 metres/min by the same method of walking with a heart rate of I05 /min, an energy utilisation of 0"45 5 ml of O2 kg/min.
Discussion
Experience has shown, and certain authors have also observed (Rosman and Spira, 1974) , that only a minority of patients having a complete medullary lesion use the walking splint that was prescribed. Only those with a good motivation and a low lesion, between TIO and LI, wear their appliances regularly. Walking with this type of orthosis, which weighs between 4 and 8 kg depending on whether it is made of an aluminium alloy or steel, requires an energy consumption which is much greater than that used to travel in a wheel chair or that used by other handicapped persons with motor lesions or, of course, by that of normal walking (Fisher and Gullickson, 1978) . The results that we obtained in our paraplegic patients also show that the energy consumption used in walking is clearly increased compared to normal individuals. Nevertheless, a difference must be made between the unaccustomed paraplegic and those that utilise their appliances regularly after 4 or 5 years of paraplegia. In fact, in the U.A.P. group, the speed of walking on a treadmill is very slow with an energy output that is much higher than the other groups. The first part of our study shows that swing-through walking between parallel bars involves energy consump tion per metre travelled which is clearly higher in U.A.P.s than in A.P.s. Moreover, these accustomed paraplegics had an oxygen consumption lower than normal control subjects performing the same exercise. In addition, the walking speed of A.P.s is double that of U.A.P.s with a lower ventila tion and a clearly lower consumption of oxygen. This investigation also shows that the swing-through gait in the paraplegic requires a greater overload on the cardiovascular system than on the ventilatory function.
Clinkingbeard et al. (1964) studied two groups of paraplegics during their rehabilitation (over a period of 18 months). Two of the paraplegics with a lesion at T 4 walked at the same slow speed as that of our unaccustomed patients with a high oxygen consumption.
Moreover, three paraplegics with lower lesions (LI) walked at the same rate as our accustomed patients. This exercise involved a walking speed five times faster than the patients with high lesions with a net decrease (of about 25 per cent), in the oxygen consumption per kilo and per metre. We experienced approximately the same difference between our V.A.P. and our A.P.s while walking with crutches under every-day conditions. The A.P.s walk at a speed five times faster than the unaccustomed patient with a consumption of 02 /kg/m, almost five times less (Table III) . If there is evidently a significant difference favouring the accustomed paraplegics com pared to the unaccustomed patient they did not however, equal the healthy subject's economic consumption of oxygen per kilo and per metre. It is difficult to compare our study with th.o � se obtained by other authors, e.g. Ragnarsson et al. (1975) , who did not use the same parameters and did not evaluate their results per kilo of body weight. In addition, the patients in some studies were not investigated under the same conditions; certain patients used pneumatic appliances which were distinctly less heavy (average of 2·6 kg) while others used a metal apparatus and in some cases they walked with canes aided by other persons. On the other hand the study of Huang et al. (1979) is closer to ours even though their eight patients were all subjects accustomed to brace use and were observed at a precise time in their evolution, i.e. several months after their rehabilitation. The way of walking, however, was not similar: their patients used a walking platform instead of canes, which gave them a walking speed that was much slower than that of our accustomed paraplegics.
The patients of Huang had a consumption of oxygen during walking three times greater than when they were at rest. The consumption of oxygen during the walk was 892 ml 02 /min for the patients with high lesions (T 4) and 105 2 ml 02 /min for the subjects with a low lesion (TII-TI2). There fore, our only unaccustomed paraplegic had an O2 consumption (920 ml 02 /min) closer to the patients with a high lesion in Huang's study (1979) , while the group of accustomed patients had an O2 consumption of 1'2 I 5 ml 02 /min. These values of our patients also represent a little more than three times their O2 consumption evaluated at rest (Table IV) .
Conclusion
Although the bilateral long leg braces are used by a minority of people with complete paraplegia, we were able to show during this study that the paraplegic unaccustomed to wearing long-leg braces (or with a high level lesion), has a slower swing-through walking speed in order to decrease energy expenditure. Even though the V.A.P. has a much higher oxygen consumption/kg/m, either on the treadmill or in an everyday situation on a flat floor than the A.P., the latters performance is much better and approaches closely that of a normal person when he is forced to walk with the same swing-through gait. This high energy cost could be explained by the increased work of the upper musculature which not only must perform motor work but must also maintain a precarious balance. In addition, spastIcIty should not be forgotten since it certainly plays a role in the increased metabolic costs. This study has demonstrated that, when paraplegics are allowed to ambulate at a comfortable speed which they themselves dictate, energy con sumption is inversely related to the regular use of long leg braces and directly related to the level of spinal lesion. The inverse was true concerning gait velocity, which was directly related to brace use and inversely related to the level of the lesion.
Therefore, the regular utilisation at medium and long term, of bilateral long leg braces provides the paraplegic with a much greater efficiency of energy utilisation, as evidence by the significantly lower O2 consumption/ kg/m. This suggests a more efficient mechanical utilisation of energy, but perhaps also, an adaptation of muscle metabolism and, in particular, the induction of oxydative enzymes.
However, this type of walking still involves an important cardiovascular effort and to a lesser degree an increase of ventilatory functions. RESUME Le cout energetique de la marc he avec appareillage a ere apprecie chez 7 patients masculins paraplegiques presentant une lesion medullaire complete (D9 aLI).
Quatre d'entre eux peuvent etre consideres comme non entraines et les trois autres utilisent regulierement leur appareillage depuis plus de 4 ans. Cinq sujets normaux realisent Ie meme protocole a titre temoin. Tous les sujets ont ete soumis a une epreuve de marche sur tapis roulant avec appui des mains sur des barres paralleJes. Certains d'entre eux realisent un deplacement sur un sol plat avec I'aide de cannes dans un deuxieme essai.
Lors de la premiere epreuve, la consommation d'Oz est de 1,46 ml 02/kg/m pour les paraplegiques non entraines, de 0,61 ml Oz/kg/m pour les paraplegiques entraines et de 0,83 ml Oz!kg/m pour la population temoin.
Dans les conditions reelles de marche, la consommation d'02 pour les paraplegiques entraines est de 0,73 ml Oz/kg/m et s'accompagne d'une sollicitation cardiaque importante (FC a 156/min). La consommation d'Oz ainsi obtenue est beaucoup plus faible que la valeur de 3,25 Oz/kg/m mesuree chez Ie sujet non entraine et est un peu plus elevee que la valeur de 0,45 ml Oz/kg/m de la population temoin.
ZUSAMMENFASSUNG
Der Energieverbrauch der Fortbewegung mit Hilfe eines Gehapparates wurde bei 7 miinn lichen Paraplegikern, we1che eine komplette Ruckenmarksliision (zwischen D9 und LI) aufweisen, gemessen. Vier unter ihnen konnen als korperlich nicht trainiert angesehen werdren, die drei ubrigen verwenden ihren Gehapparat regelmiissig seit mehr als vier Jahren. Eine Vergleichsgruppe von fUnf gesunden Personen wurde demselben Untersuchungs protokoll unterworfen. Aile fUhrten einen Gehbelastungstest auf einem Rollteppich mit Aufstutzmoglichkeit auf zwei Parallel barren durch. Einige von ihnen bewegten sich auf ebenem Boden unter Zuhilfenahme von Stutzkrucken.
